Introduction
The miniature satellites are recently in development at many institutes and universities, mostly with a participation of students. The fast development of the related techniques and technologies enables to consider small scientific payloads for these satellites. Below we give a small summary of pico (cube) and nanosatellites.
• The pico and nanosatellites are in development at many universities, mostly with involvement of students and education
• CubeSat standard size is 1 Liter Volume, i.e. 10 × 10 × 10 cm, and a typical weight is 1.3 kg
• Multiple modules are possible, i.e. 3U = 3 modules/units, i.e. 10 × 10 × 30 cm, typically up to 12U
• The typical masses are as follows: femtosatellite -10 to 100 g, picosatellite -0.1 to 1 kg, nanosatellite -1 to 10 kg, microsatellite -10 to 100 kg
• Recent technological progress allows to consider a use in astrophysics
Scientific payload for pico and nanosatellite
In this paper, we focus on application of pico and cubesatellites in high-energy astronomy and astrophysics. Motivation for application of picosatellites in high-energy astrophysics is as follows.
• The recent situation in experimental satellite high-energy astrophysics is not very promising However, there are the following strict requirements for the scientific payload for picosatellites.
• It must fit a small volume, typically 30 × 10 × 10 cm or less (3U, i.e. 3 cubesat modules)
• Low weight, less than 1 kg
• Low power consumption of about 10 Watts or less
• Technological tests: TRW increase, flight demonstration, etc.
• Reasonable science
• Not easy to find such an instrumentation
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Picosats René Hudec 1,2 The purpose of this paper is to give and discuss idea for picosatellites scientific payload. It is not describing any particular space mission hence no details about the real space mission such as processing resources, ground support system and TTC, orbit, temperature requirements of detectors and their qualification plan, etc., are addressed here.
Miniature X-ray/telescope -monitor
The Lobster Eye (LE) X-ray optics was originally proposed by Schmidt (1975) and Angel (1979) . Since then, numerous test specimens of Lobster Eye telescopes were designed and tested (e.g. Inneman et al. 1999; Hudec et al. 2000 Hudec et al. , 2003 Hudec et al. , 2004 Tichý et al. 2009 Tichý et al. , 2011 . The LobsterEye (LE) X-ray telescope can be miniaturized for an application in picosatellites. The LE telescopes are novel wide field X-ray telescopes with the field of view (FOV) of 100 sq. deg. They are more easily possible (a classical X-ray optics has the FOV of only 1 deg or less) and are based on a real analogy with the lobster eyes.
The LE payload for picosatellites also requires miniaturized focal detectors. The best available option for the author team of this paper is the detector Medipix (Timepix). Medipix is a family of photon counting pixel detectors developed by an international collaboration, hosted by CERN (http://medipix.web.cern.ch/MEDIPIX/). The CTU in Prague is a member of this cooperation. The Medipix detector represents a suitable imaging detector for a use in space LE telescopes, as it is a pixelated photon counting semiconductor detector which features adjustable energy thresholds allowing multispectral X-ray imaging. These detectors offer several different working modes for X-ray imaging applications (e.g. Procz et al., 2012): (i) Single pixel mode (SPM): one threshold with a large 24-bit counter providing a high dynamic range or two thresholds with separate 12-bit counters providing two energy channels. This enables dual channel X-ray imaging with a single acquisition, and (ii) Charge summing mode (CSM): to reduce the influence of charge sharing effects, in this mode charge deposited to adjacent pixels will be summed up and assigned to the pixel featuring the highest signal.
However, the following items are important: 1. The detector is not yet space qualified; 2. Its spectral coverage starts only in energies above 3 keV, while the spectral coverage of the LE optics in the Schmidt arrangement is typically from the visible light up to the energies of 8 or 10 keV.
The LE Telescope for a picosatellite can be represented e.g. by the following example:
• Energy of 4.5 keV = 7.2 × 10 −6 erg
• Focal length 250 mm, h=30 mm
• Weight less than 1 kg (optics: 50 g, detector: 50 g)
• FOV 2 deg × 2 deg, gain=820
• Daily minimal flux: 9.2 × 10 −10 erg s 1 cm −2
However, a more suitable spacecraft is a 6U CubeSat as it allows to accommodate several LE modules to increase the final FOV (Tichý et al. 2013a ). We elaborated a design of a new SLE prototype as follows. More mirror plates: 333 per set, a larger input area (10 × 10 cm) and hence higher gain, a special coating to increase the reflectivity at higher energies, a better manufacturing technology, the focal length kept at 250 mm, larger FOV (approximately 10 × 10 degrees).
Science objectives
Wide field X-ray monitors of Lobster Eye type were demonstrated to play an important role in modern astrophysics (e.g. Hudec et al. 2007; Švéda et al. 2004 ). The most important scientific cases are briefly summarized below.
